GLYCOPROTEIN HORMONE SUPERAGONISTS 
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BACKGROUND OF THE INVENTION 



5 Field of the Invention 

This invention relates generally to modified glycoprotein hormones. Specifically, 
this invention relates to modifications to a human glycoprotein which create 
superagonist activity. 
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Thyrotropin (thyroid-stimulating hormone, TSH) and the gonadotropins 
chorionic gonadotropin, (CG), lutropin (luteinizing hormone, LH), and follitropin 

15 (follicle-stimulating hormone, FSH) comprise the family of glycoprotein hormones. 

Each hormone is a heterodimer of two non-covalently linked subunits: a and p. Within 
the same species, the amino acid sequence of the a-subunit is identical in all the 
hormones, whereas the sequence of the P-subunit is hormone specific. (Pierce, J.G. and 
Parsons, T.R "Glycoprotein hormones: structure and function." Ann. Rev. Biochem. 

20 50:465-495 (1981)). The fact that the sequences of the subunits are highly conserved 
from fish to mammals implies that these hormones have evolved from a common 
ancestral protein (Fontaine Y-A. and Burzawa-Gerard, E. "Esquisse de revolution des 
hormones gonadotopes et thyreotropes des vertebres." Gen. Comp. Endocrinol. 32:341- 
347 (1977)). Evolutionary changes of these hormones resulted in certain cases in 

25 modification of biological activity (Licht, P. et al. "Evolution of gonadotropin structure 
and function." Rec. Progr. Horm. Res., 33:169-248 (1977) and Combarnous, Y. 
"Molecular basis of the specificity of binding of glycoprotein hormones to their 
receptors." Endocrine Rev. 13:670-691 (1992)), although, specific structural 
determinants modulating biopotency have not been elucidated. For example, human 

30 thyroid stimulating hormone (hTSH) and bovine thyroid stimulating hormone (bTSH) 
share high homology in the a (70%) and p (89%) subunit sequence, but bTSH is 6-10 
fold more potent than hTSH (Yamazaki, K. etal "Potent thyrotropic activity of human 
chorionic gonadotropin variants in terms of l25 I incorporation and de novo synthesized 



thyroid hormone release in human thyroid follicles." J. Clin. Endocrinol Metab. 80:473- 
479 (1995)). 

Glycoprotein hormones are crucial in certain therapies, such as in the treatment 
5 of patients with thyroid carcinoma. (See, for example, Meier, C.A., et aL y "Diagnostic 
use of Recombinant Human Thyrotropin in Patients with Thyroid Carcinoma (Phase I/II 
Study)." J. Clin. Endocrinol. Metabol. 78:22 (1994)). The potential use of human 
thyroid stimulating hormone (TSH) in the treatment of this disease has been abandoned 
due to the potential transmission of Creutzfeldt- Jakob disease. An alternative to the use 
10 of human TSH is the use of bovine TSH, but this approach is very limited since this 
p hormone causes side-effects such as nausea, vomiting, local induration, urticaria, and a 

relatively high possibility of anaphylactic shock (Meier, C.A., et a/.). The lack of 
bioconsistency of urinary gonadotropins and the limited efficacy of recombinant 
glycoprotein hormones justify their further replacement with more effective recombinant 
15 analogs. Therefore, there is a need for human-derived glycoprotein hormones as well as 
agonists of these hormones. 
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For example the administration of an agonist of the thyroid stimulating hormone 
in a particular clinical situation such as thyroid carcinoma, will enhance the uptake of 

20 radioiodine into the carcinoma to treat the disease. Agonists of the thyroid stimulating 
hormone will cause a greater amount of the radioiodine to be targeted to the carcinoma, 
thereby resulting in a more effective treatment. Alternatively, glycoprotein hormones 
used to induce ovulation can be replaced with superagonists. This will lower the 
required dose of the hormone which currently is a major medical problem in fertility 

25 treatment. (Ben-Rafael, Z, et al "Pharmacokinetics of follicle-stimulating hormone: 
clinical significance." Fertility and Sterility 63:689 (1995)). Where the use of wild-type 
follicle stimulating hormone has led to hyperstimulation and higher rates of multiple 
pregnancies and abortions, apparently by a high number of hormone molecules 
stimulating many follicles, a superagonist of follicle-stimulating hormone can be 

30 administered to treat the infertility. The use of an agonist of this modified hormone can 
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result in a lower frequency of stimulation of multiple follicles since a lower number of 
hormone molecules can be administered to achieve the desired result. 

The present invention provides, for the first time, specific amino acid 
substitutions in human glycoprotein hormones which results in human glycoprotein 
hormone analogs that show a major increase in both in vitro and in vivo bioactivity. 

SUMMARY OF THE INVENTION 

In accordance with the purpose(s) of this invention, as embodied and broadly 
described herein, this invention, in one aspect, provides a human glycoprotein hormone 
comprising at least three basic amino acids in the a-subunit at positions selected from 
the group consisting of positions 11, 13, 14, 16, 17 and 20. 

The invention further provides a human glycoprotein hormone comprising at 
least one basic amino acid in the a-subunit at positions selected from the group 
consisting of positions 11, 13, 14, 16, 17 and 20. 

In another aspect, the invention provides a modified human glycoprotein 
hormone having increased activity over a wild-type human glycoprotein, wherein the 
modified human hormone comprises a basic amino acid substituted at a position 
corresponding to the same amino acid position in a non-human glycoprotein hormone 
having an increased activity over the wild-type human glycoprotein. 

In another aspect, the invention provides a method of treating a condition 
associated with a glycoprotein hormone activity in a subject comprising administering a 
therapeutic amount of the glycoprotein hormone of the present invention to the patient. 



In another aspect, the invention provides a method of constructing superactive 
nonchimeric analogs of human hormones comprising comparing the amino acid 
sequence of a more active homolog from another species to the human hormone, 
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substituting amino acids in the human hormone with the corresponding amino acids from 
the other species, determining the activity of the substituted human hormone, and 
selecting superactive analogs from the substituted human hormones. 

5 In yet another aspect, the present invention provides nucleic acids which encode 

the modified glycoprotein hormones. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 jLHgr=4- shows a comparison of the relevant primary sequences of the a -subunit 

from 27 diflferent species (a). Alignment of the subunit sequences obtained from 
sequencing of PCR amplified fragment of genomic DNA in chimpanzee, orangutan, 
gibbon and baboon (underlined), received from GeneBank, SWISS-PROT and PDB 
databank were made. The numbering of the sequences corresponds to that of human cc- 
15 subunit sequence. Dashes ( — ) indicate amino acid residues which are identical to those 
of the human a -subunit . Conserved among diflferent species lysine residues are bolded. 
The primate sequences determined in this study are underlined. The human, chimpanzee 
and orangutan a -subunit sequences are the only sequences without basic amino acids in 
this region, despite the relatively high degree of similarity in diverse vertebrate species. 
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20 ^jCbjT Mutations or human sequence made in this region included introduction of single and 

multiple Lys residues present in all non-human mammalian sequences. Additionally, 

alanine mutagenesis of residues 13,16 and 20 was used to study the role of Glnl3, 

Pro 16 and Gln20. 

25 KKgrS'showjf the bioactivities and receptor binding activities of the most potent 

hTSH analogs: (a, b) cAMP stimulation in CHO-JP09 cells. Data represent the mean + 
SEM of triplicate determinations from a representative experiment repeated three (a) 
and two (b) times, (c, d) Receptor-binding activities to CHO-JP09 cells. The same 
mutants tested as in the Fig. 2a and Fig. 2b respectively. Values are the mean + SEM of 

30 quadruplicate determinations from one experiment, repeated two times, (e) Thymidine 
uptake stimulation in FRTL-5 cells. Values are the mean ± SEM of quadruplicate 



determinations from one experiment, repeated two times. (£) Stimulation of T 4 secretion 
in mice. Each data point represents the mean + SEM of values from 4-5 animals of a 
representative experiment repeated two times, (g) cAMP stimulation in CHO-hTSH 
cells. Data represent the mean ± SEM of 3-4 determinations from a representative 
experiment repeated 3 times.(h) Receptor-binding activities in CHO-JP09 cells. Data 
represent the mean + SEM of 3-4 determinations from a representative experiment 
repeated 3 times, (i) Stimulation of T 4 secretion in mice. Each data point represents the 
mean ± SEM of values from 4-5 animals of a representative experiment repeated two 
times. 

^Figr3~show/ the bioactivities and receptor binding activities of the most potent 
hCG analogs. Progesterone production stimulation (a) and receptor binding assay (b) in 
MA- 10 cells. Data represent the mean + SEM of triplicate determinations from a 
representative experiment repeated three times. The relative maximal production levels 
of progesterone are presented in the Table II as % obtained with WT-hCG. cAMP 
stimulation (c) and receptor binding assay (d) in COS-7 cells expressing hLH receptor. 
Data represent the mean ± SEM of triplicate determinations from a representative 
experiment repeated two times. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention may be understood more readily by reference to the 
following detailed description of the preferred embodiments of the invention and the 
Example included therein and to the Figures and their previous and following 
description. 

Before the present compounds, compositions, and methods are disclosed and 
described, it is to be understood that this invention is not limited to specific hormones, 
specific subjects, i.e. humans as well as non-human mammals, specific amino acids, 
specific clinical conditions, specific analogs, or specific methods, as such may, of course, 



vary, and the numerous modifications and variations therein will be apparent to those 
skilled in the art. It is also to be understood that the terminology used herein is for the 
purpose of describing particular embodiments only and is not intended to be limiting. 

5 As used in the specification and in the claims, "a" can mean one or more, 

depending upon the context in which it is used. Thus, for example, reference to "a 
human glycoprotein hormone" means that at least one human glycoprotein hormone is 
utilized. 

10 In one aspect, the invention provides a human glycoprotein hormone comprising 

^ at least three basic amino acids in the cc-subunit at positions selected from the group 

consisting of positions 11, 13, 14, 16, 17 and 20. 
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The invention further provides a human glycoprotein hormone comprising at 
15 least one basic amino acid in the a-subunit at positions selected from the group 
consisting of positions 11, 13, 14, 16, 17 and 20. 

In another aspect, the invention provides a modified human glycoprotein 
hormone having increased activity over a wild-type human glycoprotein, wherein the 
20 modified human hormone comprises a basic amino acid substituted at a position 

corresponding to the same amino acid position in a non-human glycoprotein hormone 
having an increased activity over the wild-type human glycoprotein. 

In another aspect, the invention provides a method of treating a condition 
25 associated with a glycoprotein hormone activity in a subject comprising administering a 
therapeutic amount of the glycoprotein hormone of the present invention to the patient. 

In another aspect, the invention provides a method of assisting reproduction in a 
subject comprising administering an assisting amount of the glycoprotein hormone of the 
30 present invention. 



7 



# 



m 



In another aspect, the invention provides a method of constructing superactive 
nonchimeric analogs of human hormones comprising comparing the amino acid 
sequence of a more active homolog from another species to the human hormone, 
substituting. amino acids in the human hormone with the corresponding amino acids from 
5 the other species, determining the activity of the substituted human hormone, and 
selecting superactive analogs from the substituted human hormones. 

By "human" glycoprotein hormone is meant that the number of amino acid 
substitutions made in the wild-type sequence does not exceed one-half the number of 

10 amino acid differences at corresponding positions in the corresponding polypeptide 
hormones between human and another species. Thus, the modified polypeptide 
hormone would be considered more like the wild-type polypeptide hormone of the 
human than the corresponding polypeptide hormone from the non-human species from 
which the amino acid substitutions are derived, based on the amino acid coding 

15 sequence. For example, if there were a total of 20 amino acid differences at 

corresponding positions in corresponding glycoprotein hormones between a human 
glycoprotein and a bovine glycoprotein hormone, a "human" glycoprotein hormone 
would be a modified wild-type human hormone which contains 10 or fewer amino acid 
substitutions within its amino acid sequence which are homologous to the corresponding 

20 amino acids in the bovine amino acid sequence. More specifically, the thyroid 

stimulating hormone, as set forth in the Examples contained herein, would be considered 
"human" if 20 or more of the 40 total amino acid differences between the a- and p- 
subunits of the human and the bovine homologs are homologous to the amino acid at the 
corresponding position in the human thyroid stimulating hormone. 

25 

Naturally, because of the risk of an adverse immune response to the 
administration of the modified glycoprotein hormone where the recipient of the modified 
glycoprotein hormone is a human, the modified glycoprotein hormone is preferably 
homologous to the human amino acid sequence to the greatest extent possible without 
30 an unacceptable loss in the superagonist activity. Alternatively, where the subject being 
administered the modified glycoprotein is non-human, the modified glycoprotein 
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hormone is preferably homologous to the specific non-human amino acid sequence to 
the greatest extent possible without an unacceptable loss in the superagonist activity. 
Thus, in a preferred embodiment of the present invention, in modifying a wild-type 
glycoprotein to construct a modified glycoprotein with a superagonist activity by 
5 substituting specific amino acids, the substituted amino acids which do not increase 
agonist activity number 10 or less, especially 9, 8, 7, 6, 5, 4, 3, and 2 or zero. 

Likewise, by "nonchimeric" is meant that the number of amino substitutions does 
not exceed one-half the number of amino acid differences at corresponding positions in 
10 the corresponding polypeptide hormones between species, such that the modified 
q polypeptide hormone would be considered more like the wild-type polypeptide hormone 

of the species being modified than the corresponding polypeptide hormone from the 
species from which the amino acid substitutions are derived, based on the amino acid 
coding sequence. 

15 

In yet another aspect, the present invention provides nucleic acids which encode 
the modified glycoprotein hormones. 

Glycoprotein hormones comprise a family of hormones which are structurally 
20 related heterodimers consisting of a species-common oc-subunit and a distinct p-subunit 
that confers the biological specificity for each hormone. For a general review of 
glycoprotein hormones, see Pierce, J.G. etaL, " Glycoprotein hormones: structure and 
function." Ann. Rev. Biochem. 50:465-495 (1981), see also Combarnous, Y. "Molecular 
basis of the specificity of binding of glycoprotein hormones to their receptors." 
25 Endocrine Rev. 13:670-691 (1992) This family of hormones includes chorionic 

gonadotropin (CG), lutropin (luteinizing hormone, LH), follitropin (follicle-stimulating 
hormone, FSH), and thyrotropin (thyroid-stimulating hormone, TSH). Each of these 
glycoprotein hormones with at least one basic amino acid in the a-subunit at positions 
selected from the group consisting of positions 11, 13, 14, 16, 17, and 20, is provided by 
30 the present invention. 
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Basic amino acids comprise the amino acids lysine, arginine, and histidine, and 
any other basic amino acid which may be a modification to any of these three amino 
acids, synthetic basic amino acids not normally found in nature, or any other amino acid 
which is positively charged at a neutral pH. 

5 

The glycoprotein hormones provided for by the present invention may be 
obtained in any number of ways. For example, a DNA molecule encoding a 
glycoprotein hormone can be isolated from the organism in which it is normally found. 
For example, a genomic DNA or cDNA library can be constructed and screened for the 
10 presence of the nucleic acid of interest. Methods of constructing and screening such 
q libraries are well known in the art and kits for performing the construction and screening 

l^f steps are commercially available (for example, Stratagene Cloning Systems, La Jolla, 

IB CA). Once isolated, the nucleic acid can be directly cloned into an appropriate vector, 

1 =1 

s g or if necessary, be modified to facilitate the subsequent cloning steps. Such modification 
:~ 15 steps are routine, an example of which is the addition of oligonucleotide linkers which 

- contain restriction sites to the termini of the nucleic acid. General methods are set forth 

iL in Sambrook et aL, "Molecular Cloning, a Laboratory Manual," Cold Spring Harbor 

H Laboratory Press ( 1 989). 

20 Once the nucleic acid sequence of the desired glycoprotein hormone is obtained, 

basic amino acids can be positioned at any particular amino acid positions by techniques 
well known in the art. For example, PCR primers can be designed which span the amino 
acid position or positions and which can substitute a basic amino acid for a non-basic 
amino acid. Then a nucleic acid can be amplified and inserted into the wild-type 

25 glycoprotein hormone coding sequence in order to obtain any of a number of possible 
combinations of basic amino acids at any position of the glycoprotein hormone. 
Alternatively, one skilled in the art can introduce specific mutations at any point in a 
particular nucleic acid sequence through techniques for point mutagenesis. General 
methods are set forth in Smith, M "In vitro mutagenesis" Ann. Rev. Gen., 19:423-462 

30 (1985) and Zoller, M.J. "New molecular biology methods for protein engineering" Curr. 
Opin. Struct. Biol., 1:605-610(1991). 
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Another example of a method of obtaining a DNA molecule encoding a specific 
glycoprotein hormone is to synthesize a recombinant DNA molecule which encodes the 
glycoprotein hormone. For example, oligonucleotide synthesis procedures are routine in 
5 the art and oligonucleotides coding for a particular protein region are readily obtainable 
through automated DNA synthesis. A nucleic acid for one strand of a double-stranded 
molecule can be synthesized and hybridized to its complementary strand. One can 
design these oligonucleotides such that the resulting double-stranded molecule has either 
internal restriction sites or appropriate 5' or 3' overhangs at the termini for cloning into 
10 an appropriate vector. Double-stranded molecules coding for relatively large proteins 
« can readily be synthesized by first constructing several different double-stranded 

* s molecules that code for particular regions of the protein, followed by ligating these 

IS DNA molecules together. For example, Cunningham, et aL 9 "Receptor and Antibody 

m 

( p Epitopes in Human Growth Hormone Identified by Homolog-Scanning Mutagenesis/' 

15 Science, 243: 1330-1336 (1989), have constructed a synthetic gene encoding the human 
l l growth hormone gene by first constructing overlapping and complementary synthetic 

H oligonucleotides and ligating these fragments together. See also, Ferretti, et al. 9 Proc. 

H Nat. Acad. Sci. 82:599-603 (1986), wherein synthesis of a 1057 base pair synthetic 

bovine rhodopsin gene from synthetic oligonucleotides is disclosed. By constructing a 
20 glycoprotein hormone in this manner, one skilled in the art can readily obtain any 
particular glycoprotein hormone with basic amino acids at any particular position or 
positions of either the a-subunit, the p -sub unit, or both. See also, U.S. Patent No. 
5,503,995 which describes an enzyme template reaction method of making synthetic 
genes. Techniques such as this are routine in the art and are well documented. DNA 
25 fragments encoding glycoprotein hormones can then be expressed in vivo or in vitro as 
discussed below. 



Once a nucleic acid encoding a particular glycoprotein hormone of interest, or a 
region of that nucleic acid, is constructed, modified, or isolated, that nucleic acid can 
30 then be cloned into an appropriate vector, which can direct the in vivo or in vitro 
synthesis of that wild-type and/or modified glycoprotein hormone. The vector is 
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contemplated to have the necessary functional elements that direct and regulate 
transcription of the inserted gene, or hybrid gene. These functional elements include, 
but are not limited to, a promoter, regions upstream or downstream of the promoter, 
such as enhancers that may regulate the transcriptional activity of the promoter, an 
origin of replication, appropriate restriction sites to facilitate cloning of inserts adjacent 
to the promoter, antibiotic resistance genes or other markers which can serve to select 
for cells containing the vector or the vector containing the insert, RNA splice junctions, 
a transcription termination region, or any other region which may serve to facilitate the 
expression of the inserted gene or hybrid gene. (See generally, Sambrook et a/.). 

There are numerous E. coli (Escherichia coli) expression vectors known to one 
of ordinary skill in the art which are useful for the expression of the nucleic acid insert. 
Other microbial hosts suitable for use include bacilli, such as Bacillus sublilis, and other 
enterobacteriaceae, such as Salmonella, Serratia, and various Pseudomonas species. In 
IS 15 these prokaryotic hosts one can also make expression vectors, which will typically 

; f contain expression control sequences compatible with the host cell (e.g., an origin of 

\± replication). In addition, any number of a variety of well-known promoters will be 

present, such as the lactose promoter system, a tryptophan (Trp) promoter system, a 
beta-lactamase promoter system, or a promoter system from phage lambda. The 
20 promoters will typically control expression, optionally with an operator sequence, and 
have ribosome binding site sequences for example, for initiating and completing 
transcription and translation. If necessary, an amino terminal methionine can be 
provided by insertion of a Met codon 5' and in-frame with the downstream nucleic acid 
insert. Also, the carboxy-terminal extension of the nucleic acid insert can be removed 
25 using standard oligonucleotide mutagenesis procedures. 

Additionally, yeast expression can be used. There are several advantages to 
yeast expression systems. First, evidence exists that proteins produced in a yeast 
secretion systems exhibit correct disulfide pairing. Second, post-translational 
30 glycosylation is efficiently carried out by yeast secretory systems. The Saccharomyces 
cerevisiae pre-pro-alpha-factor leader region (encoded by the MF"-1 gene) is routinely 
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used to direct protein secretion from yeast. (Brake, et al. t "«-Factor-Directed Synthesis 
and Secretion of Mature Foreign Proteins in Saccharomyces cerevisiae." Proc, Nat. 
Acad. Sci., 81 :4642-4646 (1984)). The leader region of pre-pro-alpha-factor contains a 
signal peptide and a pro-segment which includes a recognition sequence for a yeast 
5 protease encoded by the KEX2 gene: this enzyme cleaves the precursor protein on the 
carboxyl side of a Lys-Arg dipeptide cleavage signal sequence. The nucleic acid coding 
sequence can be fused in-frame to the pre-pro-alpha-factor leader region. This construct 
is then put under the control of a strong transcription promoter, such as the alcohol 
dehydrogenase I promoter or a glycolytic promoter. The nucleic acid coding sequence 
10 is followed by a translation termination codon which is followed by transcription 

termination signals. Alternatively, the nucleic acid coding sequences can be fused to a 
second protein coding sequence, such as Sj26 or p-galactosidase, used to facilitate 
purification of the fusion protein by affinity chromatography. The insertion of protease 
cleavage sites to separate the components of the fusion protein is applicable to 
'2 15 constructs used for expression in yeast. Efficient post translational glycosolation and 

expression of recombinant proteins can also be achieved in Baculovirus systems. 

jHj Mammalian cells permit the expression of proteins in an environment that favors 

hO important post-translational modifications such as folding and cysteine pairing, addition 

"" P 20 of complex carbohydrate structures, and secretion of active protein. Vectors useful for 

the expression of active proteins in mammalian cells are characterized by insertion of the 
protein coding sequence between a strong viral promoter and a polyadenylation signal. 
The vectors can contain genes conferring hygromycin resistance, gentamicin resistance, 
or other genes or phenotypes suitable for use as selectable markers, or methotrexate 
25 resistance for gene amplification. The chimeric protein coding sequence can be 
introduced into a Chinese hamster ovary (CHO) cell line using a methotrexate 
resistance-encoding vector, or other cell lines using suitable selection markers. Presence 
of the vector DNA in transformed cells can be confirmed by Southern blot analysis. 
Production of RNA corresponding to the insert coding sequence can be confirmed by 
30 Northern blot analysis. A number of other suitable host cell lines capable of secreting 
intact human proteins have been developed in the art, and include the CHO cell lines, 
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HeLa cells, myeloma cell lines, Jurkat cells, etc. Expression vectors for these cells can 
include expression control sequences, such as an origin of replication, a promoter, an 
enhancer, and necessary information processing sites, such as ribosome binding sites, 
RNA splice sites, polyadenylation sites, and transcriptional terminator sequences. 
Preferred expression control sequences are promoters derived from immunoglobulin 
genes, SV40, Adenovirus, Bovine Papilloma Virus, etc. The vectors containing the 
nucleic acid segments of interest can be transferred into the host cell by well-known 
methods, which vary depending on the type of cellular host. For example, calcium 
chloride transformation is commonly utilized for prokaryotic cells, whereas calcium 
phosphate, DEAE dextran, or lipofectin mediated transfection or electroporation may be 
used for other cellular hosts. 

Alternative vectors for the expression of genes in mammalian cells, those similar 
to those developed for the expression of human gamma-interferon, tissue plasminogen 
activator, clotting Factor VIII, hepatitis B virus surface antigen, protease Nexinl, and 
eosinophil major basic protein, can be employed. Further, the vector can include CMV 
promoter sequences and a polyadenylation signal available for expression of inserted 
nucleic acids in mammalian cells (such as COS-7). 

Expression of the gene or hybrid gene can be by either in vivo or in vitro. In 
vivo synthesis comprises transforming prokaryotic or eukaryotic cells that can serve as 
host cells for the vector. An example of modified glycoprotein hormones inserted into a 
prokaryotic expression vector is given in the Example section contained herein. 

Alternatively, expression of the gene can occur in an in vitro expression system. 
For example, in vitro transcription systems are commercially available which are 
routinely used to synthesize relatively large amounts of mRNA. In such in vitro 
transcription systems, the nucleic acid encoding the glycoprotein hormone would be 
cloned into an expression vector adjacent to a transcription promoter. For example, the 
Bluescript II cloning and expression vectors contain multiple cloning sites which are 
flanked by strong prokaryotic transcription promoters. (Stratagene Cloning Systems, La 
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Jolla, CA). Kits are available which contain all the necessary reagents for in vitro 
synthesis of an RNA from a DNA template such as the Bluescript vectors. (Stratagene 
Cloning Systems, La Jolla, CA). RNA produced in vitro by a system such as this can 
then be translated in vitro to produce the desired glycoprotein hormone. (Stratagene 
5 Cloning Systems, La Jolla, CA). 
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Another method of producing a glycoprotein hormone is to link two peptides or 
polypeptides together by protein chemistry techniques. For example, peptides or 
polypeptides can be chemically synthesized using currently available laboratory 
10 equipment using either Fmoc (9-fluorenylmethyloxycarbonyl) or Boc (tert 

-butyloxycarbonoyl) chemistry. (Applied Biosy stems, Inc., Foster City, CA). One 
5 skilled in the art can readily appreciate that a peptide or polypeptide corresponding to a 

lr — 

hybrid glycoprotein hormone can be synthesized by standard chemical reactions. For 
s p example, a peptide or polypeptide can be synthesized and not cleaved from its synthesis 

15 resin whereas the other fragment of a hybrid peptide can be synthesized and 

subsequently cleaved from the resin, thereby exposing a terminal group which is 
functionally blocked on the other fragment. By peptide condensation reactions, these 
two fragments can be covalently joined via a peptide bond at their carboxyl and amino 
termini, respectively, to form a hybrid peptide. (Grant, G.A., "Synthetic Peptides: A 
20 User Guide," W.H. Freeman and Co., N.Y. (1992) and Bodansky, M and Trost, B., Ed., 
"Principles of Peptide Synthesis," Springer- Verlag Inc., N.Y. (1993)). Alternatively, the 
peptide or polypeptide can by independently synthesized in vivo as described above. 
Once isolated, these independent peptides or polypeptides may be linked to form a 
glycoprotein hormone via similar peptide condensation reactions. 

25 

For example, enzymatic ligation of cloned or synthetic peptide segments can 
allow relatively short peptide fragments to be joined to produce larger peptide 
fragments, polypeptides or whole protein domains (Abrahmsen, L. f etaL, Biochemistry, 
30:415 1 (1991)). Alternatively, native chemical ligation of synthetic peptides can be 
30 utilized to synthetically construct large peptides or polypeptides from shorter peptide 
fragments. This method consists of a two step chemical reaction (Dawson, et al y 
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"Synthesis of Proteins by Native Chemical Ligation," Science, 266:776-779 (1994)). 
The first step is the chemoselective reaction of an unprotected synthetic 
peptide-°<-thioester with another unprotected peptide segment containing an 
amino-terminal Cys residue to give a thioester-linked intermediate as the initial covalent 
5 product. Without a change in the reaction conditions, this intermediate undergoes 
spontaneous, rapid intramolecular reaction to form a native peptide bond at the ligation 
site. Application of this native chemical ligation method to the total synthesis of a 
protein molecule is illustrated by the preparation of human interleukin 8 (IL-8) 
{Clark-Lewis, L, etal, FEBS Lett, 307:97 (1987), Clark-Lewis, L, etal 3 J.Biol.Chem., 
10 269: 16075 (1994), Clark-Lewis, L, et al. 9 Biochemistry, 30:3 128 (1991), and 
□ Rajarathnam, K., et al y Biochemistry, 29: 1689 (1994)). 

Alternatively, unprotected peptide segments can be chemically linked where the 

W% 

s p bond formed between the peptide segments as a result of the chemical ligation is an 

15 unnatural (non-peptide) bond (Schnolzer, M, et al y Science, 256:221 (1992)). This 
;; j technique has been used to synthesize analogs of protein domains as well as large 

jjSSiK 

!«* amounts of relatively pure proteins with fiill biological activity (deLisle Milton, R.C., et 

p a/., "Techniques in Protein Chemistry IV," Academic Press, New York, pp. 257-267 

'5 (1992)). 
20 

The invention also provides fragments of modified glycoprotein hormones which 
have either superagonist or antagonist activity. The polypeptide fragments of the 
present invention can be recombinant proteins obtained by cloning nucleic acids 
encoding the polypeptide in an expression system capable of producing the polypeptide 

25 fragments thereof. For example, one can determine the active domain of a glycoprotein 
hormone which, together with a p-subunit, can interact with a glycoprotein hormone 
receptor and cause a biological effect associated with the glycoprotein hormone. In one 
example, amino acids found to not contribute to either the activity or the binding 
specificity or affinity of the glycprotein hormone can be deleted without a loss in the 

30 respective activity. 
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For example, amino or carboxy-terminal amino acids can be sequentially 
removed from either the native or the modified glycoprotein hormone and the respective 
activity tested in one of many available assays. In another example, a fragment of a 
modified glycoprotein can comprise a modified hormone wherein at least one amino acid 
S has been substituted for the naturally occurring amino acid at specific positions in either 
the a or the p-subunit, and a portion of either amino terminal or carboxy terminal amino 
acids, or even an internal region of the hormone, has been replaced with a polypeptide 
fragment or other moiety, such as biotin, which can facilitate in the purification of the 
modified glycoprotein hormone. For example, a modified glycoprotein can be fused to a 
10 maltose binding protein, through either peptide chemistry of cloning the respective 
nucleic acids encoding the two polypeptide fragments into an expression vector such 
that the expression of the coding region results in a hybrid polypeptide. The hybrid 
to polypeptide can be affinity purified by passing it over an amylose affinity column, and 

E p the modified glycoprotein can then be separated from the maltose binding region by 

15 cleaving the hybrid polypeptide with the specific protease factor Xa. (See, for example, 
j; ! b New England Biolabs Product Catalog, 1996, pg. 164.) 

jTj Active fragments of a glycoprotein hormone can also be synthesized directly or 

"ff obtained by chemical or mechanical disruption of larger glycoprotein hormone. An 

w 

20 active fragment is defined as an amino acid sequence of at least about 5 consecutive 
amino acids derived from the naturally occurring amino acid sequence, which has the 
relevant activity, e.g., binding or regulatory activity. 



The fragments, whether attached to other sequences or not, can also include 
25 insertions, deletions, substitutions, or other selected modifications of particular regions 
or specific amino acids residues, provided the activity of the peptide is not significantly 
altered or impaired compared to the modified glycoprotein hormone. These 
modifications can provide for some additional property, such as to remove/add amino 
acids capable of disulfide bonding, to increase its bio-longevity, etc. In any case, the 
30 peptide must possess a bioactive property, such as binding activity, regulation of 
binding at the binding domain, etc. Functional or active regions of the glycoprotein 
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hormone may be identified by mutagenesis of a specific region of the hormone, followed 
by expression and testing of the expressed polypeptide. Such methods are readily 
apparent to a skilled practitioner in the art and can include site-specific mutagenesis of 
the nucleic acid encoding the receptor. (Zoller t M.J. et a/.). 

In one embodiment of the present invention, the human glycoprotein hormone 
comprises at least one basic amino acid in the cc-subunit at the position selected from the 
group consisting of positions 1 1, 13, 14, 16, 17, and 20. In one embodiment, the human 
glycoprotein hormone has a basic amino acid at position 11. In another embodiment, 
the human glycoprotein hormone has a basic amino acid at position 13. In another 
embodiment, the human glycoprotein hormone has a basic amino acid at position 14. In 
another embodiment, the human glycoprotein hormone has a basic amino acid at 
position 16. In another embodiment, the human glycoprotein hormone has a basic 
amino acid at position 17. In another embodiment, the human glycoprotein hormone has 
a basic amino acid at position 20. In another embodiment of the present invention, the 
basic amino acid at position 11, 13, 14, 16, and 20 is lysine. In yet another embodiment 
of the present invention, the basic amino acid at position 17 is arginine. 

The present invention also provides for a human glycoprotein hormone with 
basic amino acids in the a-subunit in all combinations of any two positions selected from 
the group consisting of positions 11, 13, 14, 16, 17, and 20. For example, basic amino 
acids may be present at positions 1 1 and 13, or positions 11, and 14, or positions 1 1 and 
16, or positions 1 1 and 17, or positions 1 1 and 20, or positions 13 and 14, or positions 
13 and 17, or positions 14 and 16, or positions 14 and 17, or positions 14 and 20, or 
positions 16 and 17, or positions 17 and 20. In one embodiment of the present 
invention, the human glycoprotein hormone has basic amino acids at position 16 and 13. 
In another embodiment of the present invention, the human glycoprotein hormone has 
basic amino acids at positions 20 and 13. In yet another embodiment, the human 
glycoprotein hormone has basic amino acids at positions 16 and 20. 



9i 
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The present invention also provides for a human glycoprotein hormone with 
basic amino acids in the a-subunit in all combinations of any three positions selected 
from the group consisting of positions 11, 13, 14, 16, 17, and 20. For example, basic 
amino acids may be present at positions 11, 13, and 14, or positions 11, 13, and 16, or 
5 positions 1 1, 13, and 17, or positions 1 1, 13, and 20, or positions 1 1, 14, and 16, or 
positions 11, 14, and 17, or positions 11, 14, and 20, or positions 11, 16, and 17, or 
positions 11, 16, and 20, or positions 11, 17, and 20, or positions 13, 14, and 16, or 
positions 13, 14, and 17, or positions 13, 14, and 20, or positions 13, 16, and 17, or 
positions 13, 17, and 20, or positions 14, 16, and 17, or positions 14, 16, and 20, or 

10 positions 14, 17, and 20, or positions 16, 17, and 20. In a preferred embodiment of the 
present invention, the human glycoprotein hormone has basic amino acids at positions 
13, 16, and 20. In another embodiment of the present invention, the hormone is thyroid 
stimulating hormone. In another embodiment of the present invention, the hormone is 
follicle-stimulating hormone. In another embodiment of the present invention, the 

15 hormone is luteinizing hormone. In another embodiment of the present invention, the 
hormone is chorionic gonadotropin. In yet another embodiment of the present 
invention, the basic amino acids at any three positions selected from the group consisting 
of positions 11, 13, 14, 16, 17, and 20, are lysine. 

20 

The present invention also provides for a human thyroid stimulating hormone 
with at least three basic amino acids in the a-subunit at positions selected from the 
group consisting of positions 11, 13, 14, 16, 17, and 20, where the thyroid stimulating 
hormone also has a basic amino acid in at least one position selected from the group 

25 consisting of positions 58, 63, and 69 of the p-subunit. In one embodiment of the 

present invention, the thyroid stimulating hormone has a basic amino acid in at position 
58 of the p-subunit. In another embodiment of the present invention, the thyroid 
stimulating hormone has a basic amino acid in at position 63 of the P-subunit. In 
another embodiment of the present invention, the thyroid stimulating hormone has a 

30 basic amino acid in at position 69 of the p-subunit. In another embodiment of the 
present invention, the thyroid stimulating hormone has a basic amino acid in each of 
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positions 58, 63, and 69 of the P-subunit. In yet another embodiment of the present 
invention, the basic amino acid in at least one position selected from the group 
consisting of positions 58, 63, and 69 of the P-subunit is arginine. 

5 The present invention also provides for a human glycoprotein hormone with 

basic amino acids in the a -sub unit in all combinations of any four positions selected 
from the group consisting of positions 11, 13, 14, 16, 17, and 20. One skilled in the art 
will readily determine the possible combinations available. In one embodiment, the 
human glycoprotein hormone has basic amino acids at positions 11, 13, 16, and 20. In 

10 another embodiment, the human glycoprotein hormone has basic amino acids at 

positions 11, 13, 17, and 20. In another embodiment, the human glycoprotein hormone 
has basic amino acids at positions 13, 14, 17, and 20. In a preferred embodiment, the 
human glycoprotein hormone has basic amino acids at positions 13, 14, 16, and 20. In 
yet another embodiment of the present invention, the basic amino acids at any four 

15 positions selected from the group consisting of positions 1 1, 13, 14, 16, 17, and 20, are 
lysine. 

The present invention also provides for a human glycoprotein hormone with 
basic amino acids in the a-subunit in all combinations of any five positions selected from 

20 the group consisting of positions 1 1, 13, 14, 16, 17, and 20. One skilled in the art will 
readily determine the possible combinations available. In one embodiment, the human 
glycoprotein hormone has basic amino acids at positions 13, 14, 16, 17, and 20. In 
another embodiment, the human glycoprotein hormone has basic amino acids at 
positions 11, 13, 14, 16, and 20. In yet another embodiment of the present invention, 

25 the basic amino acids at any five positions selected from the group consisting of 

positions 11, 13, 14, 16, 17, and 20, are selected from the group consisting of lysine and 
arginine. 

The present invention also provides for a human glycoprotein hormone with 
30 basic amino acids in the a-subunit in all six of positions 11, 13, 14, 16, 17, and 20. 




20 

In another aspect, the present invention provides a human glycoprotein hormone 
with a basic amino acid in the cc-subunit in at least one position selected from the group 
consisting of positions 11, 13, 14, 16, 17, and 20, wherein the hormone is human thyroid 
stimulating hormone and there is a basic amino acid in at least one position selected 
5 from the group consisting of positions 58, 63, and 69 of the p-subunit. In one 
embodiment of the present invention, the human glycoprotein hormone has a basic 
amino acid at position 58 of the p-subunit of the human thyroid stimulating hormone. 
In another embodiment of the present invention, the human glycoprotein hormone has a 
basic amino acid at position 63 of the p-subunit of the human thyroid stimulating 
10 hormone. In a preferred embodiment of the present invention, the human glycoprotein 
p hormone has a basic amino acid at position 69 of the P-subunit of the human thyroid 

:Jt stimulating hormone. In another embodiment of the present invention, the human 

IB glycoprotein hormone has basic amino acids at position 58, 63, and 69 of the P-subunit 

]jp of the human thyroid stimulating hormone. In yet another embodiment of the present 

^ 1 5 invention, the basic amino acid at the position selected from the group consisting of 

positions 58, 63, and 69 is arginine. 
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In another aspect, the present invention provides a human follicle-stimulating 
jjO hormone, a human luteinizing hormone, or a human chorionic gonadotropin 

20 glycoprotein hormone, wherein the hormone comprises a basic amino acid in at least one 
position selected from the group consisting of positions in the P-subunit of any of the 
glycoprotein hormones, corresponding to positions 58, 63, and 69 of the p-subunit of 
the human thyroid stimulating hormone. This approach applies equally to non-humans 
as well. For example, the p-subunit amino acid sequences of two bovine glycoprotein 
25 hormones can be compared and substitutions made to any of the subunits based on the 
sequence differences. 

One skilled in the art can readily determine which sites of the p -subunits of the 
other glycoprotein hormones correspond to sites 58, 63, and 69 of the p-subunit of the 
30 human thyroid stimulating hormone. For example, see Ward, et al y In: Bellet, D and 
Bidard, J.M. (eds) "Structure-function relationships of gonadotropins" Serono 
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Symposium Publications, Raven Press, New York, 65:1-19 (1990), where the amino 
acid sequences of 26 various glycoprotein hormone P-subunits are aligned and 
<r^^ compared. Therefore, one skilled in the art can readily substitute non-basic amino acids 
\ at these sites of the other glycoprotein hormones for basic amino acids. 

Similarly, the present invention provides for any human glycoprotein, wherein 
the hormone comprises a basic amino acid in at least one position selected from the 
group consisting of positions in the P-subunit of a glycoprotein hormone corresponding 
to the same positions in any of the other human glycoprotein hormones. For example, 
10 the amino acid sequence of the P-subunits of the human luteinizing hormone and the 
3 human chorionic gonadotropin hormone can be compared and amino acid substitutions 

J? made at selected sites in either of these glycoptotein hormones based on the amino acid 

differences between the two P-subunits. This approach also applies equally to non- 
humans as well. 
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The present invention also provides a modified human glycoprotein hormone 
having increased activity over a wild-type human glycoprotein, wherein the modified 
human hormone comprises a basic amino acid substituted at a position corresponding to 
the same amino acid position in a non-human glycoprotein hormone having an increased 
20 activity over the wild-type human glycoprotein. 



The non-human glycoprotein hormone having an increased activity over the 
wild-type human glycoprotein can be any non-human species. For example, the non- 
human species can be bovine. See, for example, Benua, RS., et ai "An 18 year study of 

25 the use of beef thyrotropin to increase 1-131 uptake in metastatic thyroid cancer." J. 
Nucl. Med. 5:796-801 (1964) and Hershman, J.M., et at. Serum thyrotropin (TSH) 
levels after thyroid ablation compared with TSH levels after exogenous bovine TSH: 
implications for 1-131 treatment of thyroid carcinoma." J. Clin. Endocrinol. Metab. 
34:814-818 (1972). Alternatively, the non-human species can be equine, porcine, ovine, 

30 and the like. In the Example contained herein, the sequence of the 10-21 amino acid 
region of 27 species is set forth. 
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The present invention also provides a modified glycoprotein hormone having 
increased activity over a wild-type glycoprotein hormone from the same species, 
wherein the. modified glycoprotein hormone comprises a basic amino acid substituted at 
5 a position corresponding to the same amino acid position in a glycoprotein hormone 
from another species having an increased activity over the wild-type glycoprotein 
hormone. Therefore the glycoprotein being modified to increase its activity can be from 
a non-human species. For example, one can compare porcine glycoprotein hormones to 
bovine glycoprotein hormones, design porcine glycoprotein hormones with amino acid 
10 substitutions at positions where the porcine and the bovine sequences are different, 

construct porcine glycoprotein hormones with the selected changes, and administer the 
modified porcine glycoprotein hormone to porcine animals. Alternatively, the 
glycoprotein hormone being modified can be bovine. 



15 The present invention also provides a modified glycoprotein hormone having 

increased activity over the wild-type glycoprotein hormone from the same species, 
if wherein the modified glycoprotein hormone comprises a basic amino acid substituted at 

lij a position corresponding to the same amino acid position in a different glycoprotein 

hormone from the same species having an increased activity over the wild-type 
20 glycoprotein hormone. For example, the p-subunits of human thyroid-stimulating 
hormone and human chorionic gonadotropin can be compared and amino acid 
substitutions to either of these P-subunits can be made based on any sequence 
divergence. Naturally, only those changes which generally increase or decrease the 
activity of the modified glycoprotein hormone are contemplated since the hormone 
25 receptor specificity will still need to be retained. An example of such a P-subunit 

modification is set forth in the Examples contained herein, where basic amino acids were 
substituted at positions 58 and 63 of the human thyroid stimulating hormone based on 
sequence comparison between the human thyroid stimulating hormone and the human 
chorionic gonadotropin hormone. 

30 
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Modification refers to the substitution of a non-basic amino acid at any particular 
position or positions of the wild-type glycoprotein with a basic amino acid. In a 
presently preferred embodiment of the present invention, these modifications comprise 
the substitution of lysine for a non-basic amino acid. 

The effect of the modification or modifications to the wild-type glycoprotein 
hormone can be ascertained in any number of ways. For example, cyclic AMP (cAMP) 
production in cells transfected with the modified glycoprotein can be measured and 
compared to the cAMP production of similar cells transfected with the wild-type 
glycoprotein hormone. Alternatively, progesterone production in cells transfected with 
the modified glycoprotein can be measured and compared to the progesterone 
production of similar cells transfected with the wild-type glycoprotein hormone. 
Alternatively, the activity of a modified glycoprotein hormone can be determined from 
receptor binding assays, from thymidine uptake assays, or from T 4 secretion assays. 
Specific examples of such assays for determining the activity of modified glycoprotein 
hormones is set forth in the Example section contained herein. One skilled in the art can 
readily determine any appropriate assay to employ to determine the activity of either a 
wild-type or a modified glycoprotein hormone. 

In one embodiment of the present invention, the modified glycoprotein hormone 
has an activity which is increased over the activity of the wild type glycoprotein 
hormone by at least 3 fold. This increased activity can be assessed by any of the 
techniques mentioned above and described in the Example contained herein, or in any 
other appropriate assay as readily determined by one skilled in the art. The increased 
activity does not have to be consistent from assay to assay, or from cell line to cell line, 
as these of course, will vary. For example, and as set forth in the Example contained 
herein, the relative potency of the P16K mutation in the a-subunit of the human 
glycoprotein hormone compared to the activity of the wild type glycoprotein hormone in 
a cAMP assay was approximately 6.4 fold higher. In the progesterone release assay, 
however, the difference between the same mutant and the wild-type glycoprotein 
hormone was approximately 3.4 fold in potency and 1.6 fold in Vmax. This specific 
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modification demonstrates at least a 3 fold increase in activity in at least one assay, and 
therefore represents a glycoprotein hormone with at least a 3 fold increase in activity. 

To modify additional amino acid positions, glycoprotein hormone sequences 
from human and non-humans can be aligned using standard computer software 
programs such as DNASIS (Hitachi Software Engineering Co. Ltd.). The amino acid 
residues that differ between the human and the non-human glycoprotein hormone can 
then be substituted using one of the above-mentioned techniques, and the resultant 
glycoprotein hormone assayed for its activity using one of the above-mentioned assays. 

The subject being treated or administered a modified glycoprotein hormone can 
be a human or any non-human mammal. For example, the modified glycoprotein 
hormone superagonists may be used in the superovulation of bovine animals by 
administering these glycoprotein hormones to those bovine animals. 

The methods used in substituting a basic amino acid for a non-basic amino acid 
at any particular position or positions can also be used to design glycoprotein hormone 
antagonists. By making specific substitutions and monitoring the activity of these 
modified glycoprotein hormones, one can determine which modifications yield 
glycoprotein hormones with reduced activity. These glycoprotein hormone agonists can 
be used in studies of the hormone receptor such as receptor turnover rates, receptor 
affinity for the glycoprotein hormone, or even in therapeutic procedures such as 
treatment of Grave's disease and in fertility control. 

The present invention also provides a method of treating a condition associated 
with a glycoprotein hormone activity in a subject comprising administering a therapeutic 
amount of the glycoprotein hormone of the present invention to the subject. These 
conditions include any condition associated with a glycoprotein hormone activity. 
Examples of these conditions include, but are not limited to, ovulatory disfunction, luteal 
phase defect, unexplained infertility, male factor infertility, time-limited conception. 
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In another example, the glycoprotein hormone may be administered to diagnose 
and treat a thyroid carcinoma. For example, the administration of bovine TSH to a 
human subject can be used to stimulate the uptake of l3l I in thyroid tissue to treat 
thyroid carcinoma. {Meier, C.A. f et al 9 "Diagnostic use of Recombinant Human 
5 Thyrotropin in Patients with Thyroid Carcinoma (Phase Vll Study)." J. Clin. Endocrinol. 
Metabol. 78:22(1994)). 



A skilled practitioner in the art can readily determine the effective amount of the 
glycoprotein hormone to administer and will depend on factors such as weight, size, the 
10 severity of the specific condition, and the type of subject itself The therapeutically 
effective amount can readily be determined by routine optimization procedures. Tlie 
present invention provides glycoprotein hormones with increased activity relative to the 
SB wild-type glycoprotein hormone. These modified glycoprotein hormones will allow a 

skilled practitioner to administer a lower dose of a modified glycoprotein hormone 
15 relative to the wild-type glycoprotein hormones to achieve a similar therapeutic effect, 
or alternatively, administer a dose of the modified glycoprotein hormone similar to the 
dose of the wild-type glycoprotein hormone to achieve an increased therapeutic effect. 

Depending on whether the glycoprotein hormone is administered orally, 
20 parenterally, or otherwise, the administration of the prostaglandin can be in the form of 
solid, semi-solid, or liquid dosage forms, such as, for example, tablets, pills, capsules, 
powders, liquids, creams, and suspensions, or the like, preferably in unit dosage form 
suitable for delivery of a precise dosage. The glycoprotein hormone may include an 
effective amount of the selected glycoprotein hormone in combination with a 
25 pharmaceutical^ acceptable carrier and, in addition, may include other medicinal agents, 
pharmaceutical agents, carriers, adjuvants, diluents, etc. By "pharmaceutically 
acceptable" is meant a material that is not biologically or otherwise undesirable, i.e., the 
material may be administered to an individual along with the selected glycoprotein 
hormone without causing unacceptable biological effects or interacting in an 
30 unacceptable manner with the glycoprotein hormone. Actual methods of preparing such 
dosage forms are known, or will be apparent, to those skilled in this art; for example, see 
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Remington's Pharmaceutical Sciences, latest edition (Mack Publishing Co., Easton, 
PA). 

In another aspect, the present invention provides a method of assisting 
5 reproduction in a subject comprising administering an assisting amount of the 

glycoprotein hormone of the present invention. For example, in a subject with isolated 
gonadotropin deficiency (IGD), administration of modified follicle stimulating hormone 
(folli tropin) and luteinizing hormone (lutropin) may be administered to the subject to 
restore normal gonadal function. It is widely known in the art that glycoprotein 
10 hormones such as FSH and LH are integral in female reproductive physiology, and these 
glycoprotein hormones may be administered to a subject to overcome a number of 
reproductive disorders and thereby assist reproduction. 

Genetic therapy is another approach for treating hormone disorders with the 
15 modified glycoprotein hormones of the present invention. In this approach, a gene 
a encoding the modified glycoprotein hormone can be introduced into a cell, such as a 

L4, germ line cell or a somatic cell, so that the gene is expressed in the cell and subsequent 

J-f generations of those cells are capable of expressing the introduced gene. For example, 

*fl any particular gonadotropin hormone can be inserted into an ovarian cell, or its 

20 precursor, to enhance ovulation. Alternatively, introducing thyroid cells carrying a gene 
encoding a superagonist of the thyroid stimulating hormone into an individual with 
thyroid carcinoma can obviate the need for continual administration of TSH for 
stimulating radioiodine uptake in the thyroid carcinoma. Suitable vectors to deliver the 
coding sequence are well known in the art. For example, the vector could be viral, such 
25 as adenoviral, adenoassociated virus, retrovirus, or non-viral, such as cationic 
liposomes. 

The modified glycoprotein hormones as provided by the present invention can 
also be used for targeting delivery of therapeutic agents to thyroid tissues or gonadal 
30 tissue, or in the treatment of certain neoplasms. 
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In yet another aspect, the invention provides a method of constructing 
superactive nonchimeric analogs of human hormones comprising comparing the amino 
acid sequence of a more active homolog from another species to the human hormone, 
substituting amino acids in the human hormone with the corresponding amino acids from 
the other species, determining the activity of the substituted human hormone, and 
selecting superactive analogs from the substituted human hormones. Superactive 
analogs of human hormones includes any analog whose activity is increased over the 
corresponding activity of the wild-type hormone. For example, the modification of the 
human thyroid stimulating hormone at position 1 1 in the cc-subunit from threonine to 
lysine (Tl IK) results in a relative increase in the cAMP production in JP09 cells 
cultured in vitro. (See Table II as set forth in the Example contained herein). This 
modification of the human thyroid stimulating hormone therefore results in a superactive 
analog of the wild-type human thyroid stimulating hormone. The specific amino acid or 
amino acids to substitute to create the modification can be determined, as discussed 
above, by: determining the activity of the homolog from another species and comparing 
that activity to the human hormone; then comparing the aligned sequences to determine 
the amino acid sequence differences; then substituting the appropriate amino acid in the 
hormone from another species for the amino acid at the corresponding position in the 
human hormone; then determining the activity of the modified human hormone by one of 
the above-mentioned techniques; and then comparing the activity of the modified human 
hormones to the wild-type human hormone, thereby selecting the superactive analogs 
from the substituted human hormones. 

All combinations of amino acid substitutions may be utilized to obtain a 
25 glycoprotein superagonist For example, neutral amino acids can be substituted for basic 
or acidic amino acids. Alternatively, basic amino acids can be substituted for acidic or 
neutral amino acids, or acidic amino acids may be substituted for neutral or basic amino 
acids. One skilled in the art will recognize, as discussed above, that substitution of one 
amino acid for another can be at either the nucleic acid level in the nucleotide sequence 
30 that encodes the glycoprotein hormone or part of the glycoprotein hormone, or at the 
polypeptide level. Any human hormone can be modified by this method and its 
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superactive analogs selected. In particular, the human hormone can be a glycoprotein 
hormone. 



EXAMPLES 

5 The sequence between CyslO and Pro21 of the human a -sub unit was selected as 

the primary target for mutagenesis (Fig. 1). hCG-based homology modeling suggested 
that this region of the a-subunit is distant from the p-subunit in all glycoprotein 
hormones, contains several surface-exposed residues and includes a single turn of a 3i 0 - 
helix between Prol6 and SerW 1 , The human a-subunit differs from bovine in position 

10 11, 13, 16, 17 and 20 (Fig. la) and four of these changes are nonconservative 

(Thrl 1-Lys, Glnl3-Lys, Prol6-Lys and Gln20-Lys). We used PCR amplification to 
determine the sequence of the 1 1-20 region in the a-subunit of several primates 
including higher apes (common chimpanzee - Pan troglodytes, orangutan - Pongo 
pygmaeus), lesser apes (gibbon - Hylobates sp.), Old World monkey (baboon - Papio 

1 5 anubis) and compare them with previously known mammalian sequences including 
rhesus macaque (Macaca mulatta; Old World monkey), common marmoset (Callithrix 
jacchus; New World monkey) and human (Fig. la). Simultaneous comparison of the 
sequences between different species suggested that basic residues in this region were 
replaced relatively late in primate evolution. The Rhesus monkey a-subunit gene codes 

20 for Lys residues at positions 11,16 and 20 and an Arg residue at position 13 2 , the 

baboon sequence codes for Gin at position 16, whereas gibbon sequence contains only 
one weakly basic imidazolium group of His at position 13 (Fig. la). Apparently a 
cluster of positively charged amino acids in this region was maintained and modified 
during vertebrate evolution, but is not present in the higher apes and human sequence. 

25 The gradual elimination of positively charged residues in the 1 1-20 region of a-subunit 
coincide with the evolutionary divergence of the hominoids (human and apes) from the 
Old World monkeys. Our hypothesis that this region may modulate binding to the 
receptor was further supported by: 1) the highest reactivity of Tyr21 in bTSH toward 
iodination 3 , 2) mapping of antigenic determinants in hCG 4 , 3) the role of amino groups 

30 of Lys in the ovine and human a-subunit for effective hormone-receptor interaction as 



29 

studied by acylation 5 , labeling with acetic anhydride 6 and pegylation of individual 
subunits. 

Consequently, positively charged Lys residues were inserted into the 
5 Cysl0-Pro21 region of the human a-subunit (Fig. lb). Two other regions were also 
mutagenized (Table I). A single nonconservative Leu69-Arg mutation in the TSHp- 
subunit was made based on a similar sequence comparison. 

Effects of mutations 

10 Cotransfection of wild-type (WT) or mutant human a and hTSHp 7 or hCGP 

cDNAs in various combination into CHO-K1 cells resulted in the expression of 14 
hTSH and 1 1 hCG heterodimers (Table I). In contrast to many other mutagenesis 
studies 8,9 the expression of mutants was generally comparable to the WT. The following 
hTSH a -mutants were expressed at levels higher than WT-hTSH: Tl IK, Q13K, P16K, 
m 1 5 Q20K, Q50P and Q 1 3K+P 1 6K+Q20K. Thus, this set of evolutionary justified mutations 

jL did not impair, in a major way, synthesis of the hTSH or hCG molecule, but may 

facilitate in certain cases hormone production. 



Various bioassays were used to compare the relative potency and efficacy of hTSH 
20 and hCG mutants. The ability of WT and mutant hTSH to stimulate cAMP production 
was tested in CHO-JP09 cells with stably transfected human TSH receptor. This assay 
revealed the following order of potencies in single a-subunit mutants: P16K (6-fold 
lower EC 50 than WT) > Q20K > Q13K > Tl IK > WT-hTSH * Q50P « R67K (Table 
II). Receptor binding activity of WT and mutants hTSH was assessed in a competitive 
25 binding assay to porcine thyroid membranes. Consistent with the cAMP stimulation, the 
following order of potencies was observed: P16K (5-fold greater affinity than WT) > 
Q20K > Q13K > Tl IK > WT-hTSH * Q50P * R67K (Table II). Thus, the increase in 
potency of single mutants observed in JP09 cells was directly correlated with the 
increase of affinity to the TSH receptor. Most notably, each mutation to a Lys residue 
30 in the 1 1-20 region caused a substantial increase in activity, but changes outside this 
critical region had no (R67K, Q50P) effect on receptor binding affinity and bioactivity 
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(Table II). Alanine mutagenesis of amino acids 13, 16 and 20 in hTSH did not 
significantly alter hormone activity, indicating that only selective reconstitution of basic 
amino acids present in homologous hormones of other species resulted in the functional 
changes. Moreover, the exchange of ceSer43 to Arg and the replacements of ccHis90 
5 and aLys91 showed that these residues were less important for hTSH than for hCG 
bioactivity, emphasizing hormone- and site-specific roles of basic residues 9 . 



Superagonists with combined mutations 

To further study the effect of Lys residues which were individually responsible for 
10 highest increases in potency, mutants containing multiple replacements were produced. 
O The most active mutants are presented in Fig. 2 and 3. The double Prol6-Lys + 

m Gln20-Lys and the triple Prol6-Lys + Gln20-Lys + Gin 13 -Lys mutants showed, 

respectively, 12 and 24-fold higher activity than WT-hTSH, with a further increase in 
potency up to 35-fold after Leu69-Arg replacement in the TSHp-subunit (Fig. 2a). 
IB 15 Additional optimization included substitution Glul4-Lys (Lys in this position present in 

the tuna sequence) resulted in further increase in bioactivity up to 95-fold; these most 
^ potent multiple mutants elevated efficacy (maximal response) at least 1.5-fold (Fig. 2b). 

y These increases were verified by testing the ability of hTSH mutants to bind to porcine 

J5 as well a^ human TSH receptor (Table n, Fig. 2c and Fig. 2d), to induce growth in 

20 FRTL-5 cells (Fig. 2e), as well as T 3 production in cultured human thyroid follicles. In 
particular, Prol6-Lys + Gln20-Lys + Glnl3-Lys / WT-hTSHp and Prol6-Lys + 
Gln20-Lys + Gin 13 -Lys / Leu69-Arg mutants required, respectively, 18- and 27-fold 
lower concentration to attain half-maximal stimulation of 3 H-thymidine incorporation in 
FRTL-5 cells than the WT-hTSH (Fig. 2e). The synergistic effect of multiple mutations 
25 on TSH bioactivity was not limited to a local cooperation of Lys residues in the 13-20 
region of the cc-subunit with receptor, but also involved the contribution of Arg69 in the 
opposite loop of P-subunit (Table II). 
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Table L 

Relative expression of wild-type (WT) and mutant hormones in CHO-K1 cells 



hTSH hCG 



O 

jjs£ 



15 



20 



WT 


100 ±7 


100±4 


T11K 


267 ± 22 


82±2 


Q13K 


188 ±9 


106 + 7 


P16K 


206 ±25 


72±6 


Q20K 


149+18 


117 + 8 


P16K+Q20K 


86±9 


62 ±6 


Q13K+P16K+Q20K 


134±6 


76 ±12 


Q 1 3 K+P 1 6K+Q20K+E 1 4K 


76 ± 12 


52±8 


P16K+F17T 


23 ± 10 


93 ±4 


Q50P 


174 ±15 


83 ±3 


R67K 


171 ± 14 


88±6 


P-L69R 


74 ±5 


n.a. 


Q 1 3 K+P 1 6K+Q20K+ p -L69R 


86 ±6 


n.a. 


Q 1 3K+P 1 6K+Q20K+E 1 4K+p -L69R 


25±6 


n.a. 



n.a. = not applicable. Secretion levels are given as mean ± SEM relative to the WT, which 
was defined as 100% of WT-hTSH or WT-hCG respectively. The mean was calculated from 
at least four independent transfections, performed in at least five dishes for each mutant. 



25 These findings were further confirmed in the animal model. A single injection of 
Prol6-Lys, Gln20->Lys and Glnl3-Lys hTSH mutants in mice increased serum T 4 
significantly higher than the WT-hTSH. Moreover, Prol6-Lys + Gln20-Lys + 
Glnl3-Lys / WT-hTSHp and Prol6-Lys + Gln20-Lys + Glnl3-Lys / Leu69-Arg 
mutants also generated higher T 4 levels as compared to WT-hTSH (Fig. 2f). hTSH 

30 serum levels 6 h after i.p. injection in mice were similar and the hTSH analogs did 
not show compared to the WT great differences in the metabolic clearance rate. 
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A sequence comparison of the hCG and hTSH p-subunits showed a region 
(residues 58-69 in TSHp) which contains a cluster of basic residues in hCG, but 
not in hTSH. We used site-directed mutagenesis to introduce single and multiple 
basic residues into hTSH, based on their location in hCG, generating the additional 
hTSH p-subunit mutants: I58R, E63R, I58R+E63R, I58R+E63R+L69R. The 
mutant hTSH p-subunits were coexpressed with the human a-subunit and the 
intrinsic activity of the recombinant hTSH analogs studied at the rat THS receptor 
(FRTL-5 cells) and human TSH receptor (CHO-hTSHr cells). In both systems, 
single substitutions (I58R, E63R) increased potency of hTSH 2-fold to 4-fold, and 
led to a slight increase of efficacy (Fig. 2g). The combination of the two 
substitutions (I58R+E63R) resulted in the potency which was 15-fold higher than 
that of wild type hTSH and an 1.5-fold increase of efficacy (Fig. 2g). Potency and 
efficacy of the combination mutant I58R+E63R+L69R, in which three basic 
residues were introduced, was elevated 50-fold and 1.7-fold, respectively (Fig. 2g). 
These increases of intrinsic activity were accompanied by concomitant increases in 
receptor binding affinity, judged by a receptor-binding assay using CHO-JP09 cells. 
(Fig. 2h). Similarly, when mice were injected with the I58R+E63R+L69R mutant, 
their T 4 stimulation was significantly higher than in either mock or control treated 
mice. (Fig. 2i). 

The bioactivity of hCG mutants was tested using progesterone stimulation in 
MA- 10 cells and cAMP stimulation in COS-7 cells transfected with human 
LH/hCG receptor. hCG Lys mutants showed both higher potency (lower EC*, 
values) as well as higher efficacy (V^ than the WT-hCG (Table II, Fig. 3a). The 
effect of single and multiple mutations was relatively analogous to that observed 
for the hTSH mutants. The aProl6-Lys / WT-hCGP mutant was 4-fold more 
active than WT-hCG in the stimulation of progesterone production and receptor 
binding activity in MA- 10 cells, with further increases in both potency and efficacy 
for the Prol6-Lys + Gln20-Lys and Prol6-Lys + Gln20-Lys hCG + Glnl3-Lys 
mutants (Fig. 3 a and 3b). Similar increases of intrinsic activity were also found 
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when studied at the human LH/hCG receptor (COS-7-hLH/hCG-R cells) (Fig. 3 c 
and 3d). 

Our data suggest that only a few amino acid replacements are sufficient to 
5 increase glycoprotein hormone bioactivity, even to a level higher than that of the 
model hormone (such as bTSH). Interestingly, only a few of the 40 differing 
residues between bovine and human TSH appear responsible for the higher 
biological activity of bTSH. The majority of the other replacements are 
conservative, and as illustrated by the R67K mutation in the a-subunit, seem to 

10 have no functional significance. In contrast, we show that surface-located Lys 

residues clustered in the LI loop and p 1 -strand of the a-subunit are crucial for the 
high bioactivity of bTSH. Accordingly, recombinant hTSH with only two mutated 
amino acids (P16K+Q20K) attains an intrinsic activity comparable to bTSH (Table 
II). Moreover, triple, quadruplicate and quintuple hTSH mutants show even higher 

15 potency than bTSH. These data suggest that the difference in activity between 
bTSH and hTSH is a result of several amino acid changes, including replacements 
increasing activity, but also others which may reduce biopotency of bTSH at the 
hTSH receptor. 

20 Although, we cannot exclude a possibility that several receptor species would 
be made from a single transfected cDNA (by alternative splicing from cryptic sites 
or by posttranslational modifications), the fact that similar differences in activity 
were observed in different cell systems argues strongly against the importance of 
different receptor species in the increase in potency, efficacy and affinity of these 

25 analogs. Furthermore, there is compelling evidence that naturally occurring 

hormone isoforms with various carbohydrate residues exert their effect at the post- 
receptor level with no or minimal effect on receptor binding affinity 10 . Since the 
wild type hormones and their analogs were characterized in multiple experimental 
systems, it is highly probable that phenomenon of increased bioactivity described 

30 here is a rule rather than exception related to particular cell-dependent variant of 
the receptor. 
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Perspectives of rational design of glycoprotein hormone analogs 

Previous site-directed mutagenesis studies of glycoprotein hormones focused 
primarily on the highly conserved regions and residues, using such strategies as 
5 alanine scanning mutagenesis 11 or multiple replacement approaches 9 . Several 
important studies were based on the creation of chimeric subunits using cassette 
mutagenesis and/or restriction fragment exchange 12,13 * 14 . Our strategy based on 
replacement of nonconserved residues to those present in other species has been 
successful and permitted the generation of other glycoprotein hormone analogs, 
10 including hFSH mutants with increased bioactivity. The parallel improvement of 
Q bioactivity of hTSH, hCG and hFSH by introduction of basic residues in the 1 1-20 

region of human a-subunit may be related to the fact that this region is distant 
^ from the p-subunit in the crystal structure based model of hCG and in our 

:£ homology model of hTSH. The virtual identity of this area in both models as well 

IB 15 as the observation that the antibodies binding to 1 1-26 region are not greatly 

L influenced by subunit combination 13 suggest that this domain may function similarly 

;.!! in all the glycoprotein hormones. Once the a-subunit was successfully engineered 

y to create more potent agonists of hTSH, hCG or hFSH, the same paradigm was 

m used to modify their respective p -subunits to generate the ultimate superagomsts 

20 of each glycoprotein hormone. For example, an additional replacement of a 

nonpolar Leu69 to Arg in the TSHp -subunit resulted in further increase of hTSH 
bioactivity. In addition, the plasma half-life of our analogs can be modified 
regarding to specific therapeutic needs. 

25 Further design and refinement of glycoprotein hormone analogs will include 

detailed three-dimensional structure of the hormone-receptor complexes. 
Although the exact structure of glycoprotein hormone receptors has not been 
solved, several models of hormone-receptor interaction have been 
proposed 15,16,17118 . In accordance with the recent model of Jiang et al. 17 the LI loop 

30 of a-subunit may participate in the interaction with the transmembrane portion of 
the receptor. The cluster of positively charged residues in this loop may enhance 
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such an interaction and facilitate further rearrangements in the receptor leading to 
the activation of G proteins and signal transduction. 

Methods and Materials. 



5 Restriction enzymes, DNA markers and other molecular biological reagents 

were purchased from either Gibco BRL (Gaithersburg, MD) or from Boehringer- 
Mannheim (Indianapolis, IN). Cell culture media, fetal bovine serum and 
LipofectAMINE were purchased from Gibco BRL (Gaithersburg, MD). VentR 
DNA Polymerase was purchased from New England Biolabs (Beverly, MA). The 
10 full length human a cDNA (840 bp) subcloned into BamHI/XhoI sites of the 
pcDNA I/Neo vector (Invitrogen Corp., San Diego, CA) and hCG-p gene were 
^ obtained from Dr. T.H. Ji (University of Wyoming, Laramie, WA). The hTSH-p 

minigene without the first intron, with the non-translated 1st exon and authentic 
translation initiation site was constructed in our laboratory. rhTSH-G standard was 
15 from Genzyme Corp. (Framingham, MA). The CHO cells with stably expressed 
hTSH receptor (CHO-hTSHR clone JP09 and clone JP26) were provided by Dr. 
G. Vassart (University of Brussels, Brussels, Belgium). The human LH receptor 
cDNA was obtained from Dr. T. Minegishi (Gunma University, Gunma, Japan). 
FRTL-5 cells were kindly supplied by Dr. L.D. Kohn (NIDDK, NIH, Bethesda, 
20 MD). MA- 10 cells were generously supplied by Dr. M. Ascoli (University of Iowa, 
Iowa City, IA). 125 I cAMP and 125 I-hTSH were from Hazleton Biologicals (Vienna, 
VA). Blood samples of various primates were obtained from Yerkes Regional 
Primate Research Center (Emory University, Atlanta, GA) and Animal Resources 
(University of Oklahoma, Oklahoma City, OK). 

25 Determination of primate a-subunit 
sequences 

The QIAamp R Blood Kit (Qiagen Inc., Chatsworth, CA) was used for 
extraction of genomic DNA from whole blood samples of chimpanzee (Pan 
troglodytes), orangutan (Pongo pygmaeus), gibbon (Hylobates sp.) and baboon 
30 (Papio anubis). Genomic DNA was used in the PCR; the synthetic oligonucleotide 
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primers used were 

5 '-CCTGATAGATTGCCCAGAATGC-3 * (sense) (SEQ ID NO:l) and 
5 '-GTGATAATAACAAGTACTGCAGTG-S * (antisense) (SEQ ID NO:2) 
and were synthesized according to the nucleotide sequence of the gene encoding 
5 common cc-subunit of human glycoprotein hormones 19 . PCR was performed using 
800-1000 ng of genomic DNA template and 10 picomoles of each primer in 100 jil 
reaction volume that also contained 10 mM Tris-HCl, (pH 9.0 at 25°C), 50 mM 
KC1, 2.5 mM MgCl v 200 \iM dNTPs and 2 U of Taq DNA Polymerase (Promega 
Corp. Madison, WI). The reaction mix was covered with mineral oil, and each 
10 sample was initially heated to 95°C for 10 min. The PCR program consisted of 32 
cycles of denaturation at 95°C for lmin 30 sec, annealing at 55°C for 1 min 30 sec 
and extension at 72°C for 1 min, followed by a final extension period at 72°C for 7 
min. The reactions were then directly electrophoresed on a 1% agarose gel in the 
p presence of ethidium bromide. The amplified PCR product (-700 bp), spanning the 

15 nucleotide sequence of exon 3, intron 3 and exon 4, was purified using QIAquick . 
PCR Purification Kit (QIAGEN Inc., Chatsworth, CA) and subcloned into 
pCR™II using Original TA Cloning Kit (Invitrogen Corp., San Diego, CA). The 
sequence of the fragment was obtained after subcloning or direct dideoxy 
sequencing using a Sequenase kit (U.S. Biochemical Corp., Cleveland, OH). 

20 Homology modeling. 



Modeling relies on the strong sequence homology between hCG and hTSH. 
The sequences were aligned to bring the cysteine-knot residues into 
correspondence and the percentage of identical as well as highly conservative 

25 replacements were calculated as described 1 . There was 58% sequence identity 
between hCG and hTSH molecules; 3 1% of the two p-subunit sequences were 
identical and additional 17% included highly conservative changes in p-subunit. A 
molecular model of hTSH was built on a template of hCG model derived from 
crystallographic coordinates obtained from the Brookhaven Data Bank 20 . All 

30 coordinate manipulations and energy calculations were done using CHARMm 
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release 21.2 for the Convex and further modified using the molecular graphic 
package QUANTA (Version 3.3, Molecular Simulations Inc., University of York, 
York, United Kingdom). 

Site-directed mutagenesis. 

5 

Mutagenesis of the human a-cDNA and the hTSHp minigene was 
accomplished by the PCR-based megaprimer method 21 . Amplification was 
optimized using Vent R DNA Polymerase (New England Biolabs, Beverly, MA). 
After digestion with BamHl and Xhol PCR product was ligated into pcDNA 
10 I/Neo (Invitrogen Corp., San Diego, CA) with the BamHI/XhoI fragment excised. 
j5 MC1061/p3 E. coli cells were transformed using Ultracomp E. coli Transformation 

IB Kit (Invitrogen Corp.). The QIAprep 8 Plasmid Kit (QIAGEN Inc., Chatsworth, 

CA) was used for multiple plasmid DNA preparations. QIAGEN Mega and Maxi 
Purification Protocols were used to purify larger quantities of plasmid DNA. 
15 Multiple mutants were created with the same method using plasmids containing a- 
cDNA with a single mutation as a template for further mutagenesis. Mutations 
7! were confirmed by double stranded sequencing using Sanger's dideoxynucleotide 

0 chain termination procedure. 

Expression of recombinant 
20 hormones. 



•less 1 



CHO-K1 Cells (ATCC, Rockville, MD) were maintained in Ham's F-12 
medium with glutamine and 10% FBS, penicillin (50 units/ml) and streptomycin 
(50|ig/ml). Plates of cells (100 mm culture dishes) were cotransfected with wild 

25 type or mutant a-cDNA in the pcDNA I/NEO and hTSHp minigene inserted into 
the p(LB)CMV vector 7 , or pcDNAI/Neo containing hCGp-cDNA 8 using a 
LipofectAMINE (Gibco BRL, Gaithersburg, MD). After 24 h, the transfected 
cells were transferred to CHO-serum free medium (CHO-SFM-H, Gibco BRL,). 
The culture media including control medium from mock transfections using the 

30 expression plasmids without gene inserts were harvested 72 h after transfection, 
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concentrated and centrifiiged; the aliquots were stored at -20°C and thawed only 
once before each assay. WT and mutant hTSH were measured and verified using 
four different immunoassays as described 9 . Concentrations of WT and mutant hCG 
were measured using chemiluminescence assay (hCG Kit, Nichols Institute, San 
5 Juan Capistrano, CA) and immunoradiometric assay (hCG IRMA, ICN, Costa 
Mesa, CA). 

cAMP stimulation in JP09 cells expressing human TSH receptor. 

CHO cells stably transfected with hTSH receptor cDNA (JP09) were grown 
10 and incubated with serial dilutions of WT and mutant hTSH as described 9 . cAMP 
released into the medium was measured by radioimmunoassay 22 . The equivalent 
amounts of total media protein were used as the mock control and the hTSH 
containing samples from transfected cells. 

cAMP stimulation in COS-7 cells expressing human LH receptor. 



COS-7 cells transiently transfected with hLH receptor cDNA were grown and 
incubated with serial dilutions of WT and mutant hCG essentially as described 23 . 
cAMP released into the medium was measured by radioimmunoassay 22 . The 
equivalent amounts of total media protein were used as the mock control and the 
20 hCG containing samples from transfected cells. 

Progesterone production stimulation in MA- 10 cells. 

Transformed murine Leydig cells (MA- 10) grown in 96-well culture plates 
were incubated with WT and mutant hCG for 6 hours in the assay medium as 
25 described 24 . The amount of progesterone released into the medium was determined 
by radioimmunoassay (CT Progesterone Kit, ICN Biomedicals, Inc., Costa Mesa, 
CA). 
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Receptor binding assays. 

The receptor-binding activities of hTSH analogs were assayed by their ability 
to displace 125 I-bTSH from a solubilized porcine thyroid membranes 224 . The binding 
activities of selected analogs to human TSH receptor was tested using JP09 cells. 
The binding activities of hCG analogs to MA-cells and to COS-7 cells transiently 
transfected with human LH receptor were determined using 125 I-hCG and assay 
medium as described previously 24 . 

Thymidine uptake stimulation in FRTL-5 cells. 

Growth of the rat thyroid cells (FRTL-5) was monitored as previously 
described 22 . 



Stimulation of T 4 secretion in mice. 

The in vivo bioactivity of the WT and mutant TSH was determined using a 
modified McKenzie bioassay 22 * 25 . WT and mutant TSH were injected i.p. into male 
albino Swiss Crl:CF-l mice with previously suppressed endogenous TSH by 
administration of 3 |ag/ml T 3 in drinking water for 6 days. Blood samples were 
collected 6 h later from orbital sinus and the serum T 4 and TSH levels were 
measured by respective chemiluminescence assays (Nichols Institute). 

Throughout this application various publications are referenced. Certain 
publications are referenced by numbers within parentheses. Full citations for 
the number-referenced publications are listed below. The disclosures of all of 
these publications and those references cited within those publications in their 
entireties are hereby incorporated by reference into this application in order to 
more fully describe the state of the art to which this invention pertains. 
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It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the scope or 
spirit of the invention. Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and practice of the invention 
5 disclosed herein. It is intended that the specification and examples be considered as 
exemplary only, with a true scope and spirit of the invention being indicated by the 
following claims. 
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